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PREOPERATIVE PROPHYLACTIC DIGITALIZA-TION before thoracotomy and open heart surgery remains controversial.1-17 Coronary artery bypass surgery is a relatively new procedure which is now widely accepted in the treatment of coronary artery disease. The purpose of this study was to determine if patients undergoing coronary artery bypass surgery, without the usual medical indications for digitalis, are benefited by such prophylactic digitalization.
Methods
One hundred and twenty consecutive patients undergoing coronary artery bypass surgery comprise this study. Only patients already on digitalis or having concomitant aneurysmectomy or valve replacement were excluded. All patients in the study group were in normal sinus rhythm and had no history of congestive heart failure.
After obtaining informed consent the assignment of patients to therapeutic groups was randomized by using a table of random numbers. Randomization resulted in the 31, 1975. rhythmias occurred in 17 of 66 controls and in only three of 54 digitalized patients (P < 0.01). There was no evidence of digitalis toxicity. Based on this evidence we recommend prophylactic digitalization for patients having aortocoronary bypass operations. distribution of 66 patients to the control group and 54 to the treated group. Those in the control group received no digitalis before surgery. Patients in the digitalis group received I to 1.5 mg of digoxin orally over a 12-24 hour period 2-3 days prior to surgery. The exact digitalizing dose was determined by the physician in charge of the patient's care and was adjusted to achieve a therapeutic level. The patients in the digitalis group were then given 0.25 mg of digoxin daily. Digoxin was withheld on the day of surgery and the maintenance dose was restarted on the first postoperative day.
Multiple preoperative, intraoperative and postoperative factors were analyzed and monitored (table 1). The major coronary risk factors of cigarette smoking, hypertension, and hyperlipidemia were tabulated. Cigarette smoking was defined as greater than one pack per day, hypertension as a cuff blood pressure > 140/90 mm Hg and hyperlipidemia as a fasting serum cholesterol greater than 300 mg% or triglyceride greater than 150 mg%. Angiographic data analyzed included presence or absence of left ventricular asynergy and number of coronary arteries involved. The preoperative electrocardiogram was analyzed specifically for evidence of a previous myocardial infarction and the presence of arrhythmias. The anesthetic agents for both groups were nitrous oxide and oxygen supplemented with either halothane or morphine. Intraoperatively and postoperatively serum electrolytes were monitored and abnormalities were corrected. Serum digoxin levels were deter- The normal therapeutic level in our laboratory is 0.5-2.0 ng/ml. All patients had continuous postoperative electrocardiographic monitoring for approximately four days in a Cardiopulmonary Intensive Care Unit. A 12-lead electrocardiogram was recorded immediately after and one week following surgery, and more often if clinically indicated. The nurses were instructed to record all arrhythmias on all patients and these were reviewed by at least two of the authors. Decisions regarding therapy, including treatment of arrhythmias, were made by the house staff and attending physicians on the surgical and cardiology services. The house staff physicians were free to stop digitalis if toxicity was suspected or to give digitalis for supraventricular arrhythmias occurring in control patients. The study was not carried out in "double blind" fashion since those responsible for the patients' care were aware of all drugs used. The results of the study were not known or suspected by the staff during conduct of the study and only became clear when the data were analyzed. The data were analyzed by the Chisquare test using Yates' correction.
Results The characteristics of the 120 patients are shown in table 2. Sixty-six patients were in the control group and 54 in the digitalis group. There was no significant difference between the two groups in age, sex, presence of one major coronary risk factor, incidence of a previous myocardial infarction, number of vessels involved, or presence of left ventricular asynergy.
Postoperative arrhythmias are shown in tables 3 and 4. Sixty-seven patients (56%) had one or more postoperative rhythm disturbances. These occurred in 41 (62%) of the control group and 26 (48%) in the group receiving prophylactic digitalization (NS). Seventeen patients in the control group (26%) and three patients in the digoxin group (5.5%) developed supraventricular arrhythmias. This difference was statistically significant (P < 0.01). The supraventricular tachyarrhythmias occurred one to 14 (average 4.4) days after surgery in the control group and four to five (average 4.5) days after surgery in the digoxin group.
Serum digoxin levels in the postoperative period for all patients averaged 0.94 ng/ml (range 0.2-3.0). In the group given prophylactic digoxin the serum levels averaged 0.75 ng/ml. Control patients developing supraventricular tachycardias attained an average serum digoxin level of 1.5 ng/ml. Premature ventricular contractions were more common in the control group (26% vs 18.5%) but the difference was not statistically significant. Ventricular tachycardia was recognized in three patients in each group. There was no evidence of any arrhythmias usually considered to be digitalis induced (paroxysmal atrial tachyQardia with block, interference dissociation, Mobitz Type I atrioventricular block, bidirectional ventricular tachycardia or multifocal ventricular ectopy) in either group.
The data were examined to determine if any preoperative factors denoted a high risk for developing postoperative supraventricular arrhythmias. As shown in table 2, there was no significant difference in incidence of supraventricular tachyarrhythmias in regard to previous myocardial infarction, left ventricular asynergy, number of major coronary arteries involved or the presence of one major coronary risk factor (smoking, hypertension or elevated serum lipids). Digitalis was administered for mild congestive heart failure in four of the 66 controls. None of the 54 patients receiving prophylactic digitalis had clinical congestive heart failure. The prevalences of congestive heart failure in the two groups was not statistically different.
There were three hospital deaths in the control group and three deaths in the digoxin group, a mortality of 5%. In the control group, one patient died of pulmonary embolism, another of renal failure and sepsis, and one patient could not be removed from cardiopulmonary bypass. In the digoxin group, one patient died of pulmonary embolism, another of myocardial infarction with cardiogenic shock, and one patient could not be removed from cardiopulmonary bypass.
Minor degrees of hypokalemia, hypoxemia, and hypercapnea were common in the Intensive Care Unit and were rapidly corrected. These disorders were not associated with the onset of arrhythmias.
Control Group
In the postoperative period seven patients developed atrial fibrillation with an average ventricular response of 156 beats/minute. Seven patients had atrial tachycardia and the average ventricular rate was 170 beats/minute. Three patients had atrial flutter and the average ventricular response was 153 beats/minute. Two patients were immediately electrically cardioverted one (patient #75) because of hypotension and another (patient #96) when atrial fibrillation occurred just after surgery. Both patients were then given maintenance digoxin. The remaining 15 patients were initially treated with digoxin and required an average of 1.0 mg of the drug to control the ventricular rate. All converted to sinus rhythm, 11 on digoxin alone and four electrically.
Digoxin Group
Two patients developed atrial fibrillation and one had atrial flutter. The ventricular rate of the two patients with atrial fibrillation was easily controlled with an additional 0.375 mg of intravenous digoxin. It was elected to cardiovert patient #17 electrically.
Discussion
Arrhythmias occur in 12 to 34% of patients who undergo thoracotomy.' 2, 6, 19, 20 Atrial fibrillation is the most common rhythm disturbance in noncardiac thoracic surgery and there is some evidence that prophylactic digitalization decreases the incidence of this arrhythmia.6 Arrhythmias are also frequently encountered after cardiac surgery. Smith et al.21 documented arrhythmias in 74% of patients having cardiac valve replacement; 65% were supraventricular and atrial fibrillation predominated. Seventy-seven percent of the arrhythmias occurred within 48 hours after surgery.
There have been fewer reports of arrhythmias following Fifty-six percent of our patients had a postoperative arrhythmia. Supraventricular tachyarrhythmias were significantly more common in controls than in patients receiving prophylactic digitalization (P < 0.01). Digitalis intoxication was not observed, and although not a significant difference, premature ventricular beats were more common in controls.
There is some evidence that patients are more sensitive to digitalis immediately following cardiac surgery. 24 25 Because of postoperative electrolyte shifts26 and impaired renal func-tion27 we therefore used low digitalizing and maintenance doses. Patients developing atrial fibrillation in the CIRCULATION postoperative period may have a rapid ventricular response despite prophylactic digitalization,12 but the ventricular rate in such patients may be readily slowed with additional digitalis. Although the serum digoxin levels used in the treated group were relatively low (average 0.75 ng/ml), patients developing atrial fibrillation in the digoxin group had a slower ventricular response than the controls (table 4) . Usual "therapeutic" serum levels of digoxin may be inadequate in controlling the ventricular rate in atrial fibrillation.28 Electrical cardioversion may be performed safely in the postoperative period. Because these supraventricular arrhythmias are frequently paroxysmal, we prefer to control the arrhythmia with drugs and reserve electrical cardioversion for patients who are not tolerating the tachycardia well.
An increased complication rate following prophylactic digitalization was reported by Juler.1' Selzer"7 has outlined the major arguments against routine digitalization prior to heart surgery, as follows: 1) possible increased sensitivity to digitalis and thus danger of toxicity; 2) need for additional digitalis should an arrhythmia develop; 3) difficulty in the diagnosis of digitalis toxicity. These arguments were more relevant in the era prior to the availability of a dependable laboratory test for serum digoxin levels. Utilizing the precaution of omitting digitalis the morning of surgery, we did not encounter toxicity from digitalis in a single case.
Although there may be theoretical disadvantages to prophylactic digitalization prior to aortocoronary bypass procedures, they did not present practical problems in our series. Therefore, because of the decreased incidence of supraventricular tachyarrhythmias and the absence of adverse reactions, we now recommend digitalization prior to coronary artery bypass surgery.
